This paper studies the long-term impact (year 2020) 
INTRODUCTION
Since a few years, connections of distributed generation (DG) have increased a lot and a growing part of the energy flowing on distribution networks is now produced at the medium and low voltage levels. In order to adapt their business model, the Distribution network operators (DNOs) need to assess the technical and economical impacts of DG on their activity and their financial results.
To reach this purpose, EDF R&D and French DNO ERDF carried out an analysis of the long-term network expenditures impact (year 2020) of DG increase:
• Losses purchasing, • Draw off invoice paid to the transmission network operator RTE, • Investments costs in the primary substations.
SCENARIO OF DISPERSED GENERATION DEVELOPMENT (DG)
Wind farms and combined heat and power (CHP) units will represent the most important DG installed capacity in 2020, thus we mainly simulate those technologies.
For wind farms, we choose a relatively high scenario of 16 GW of onshore plants connected to the distribution network (the limit of responsibility with the TSO is 50 kV, knowing that HV/MV substations are operated by the DNO). These wind farms should be connected on dedicated feeders. Taking into account the feedback of DG connections during Prague, 8-11 June 2009 Paper 0323 CIRED2009 Session 4
Paper No 0323 the last years, the average length of the feeders is 11 km; the most frequent technology used is an Aluminium/240 mm² underground cable. The offshore plants may not be connected to the distribution network.
Combined heat and power (CHP) may grow slightly between now and 2020; the power installed on the distribution network would reach 3.7 GW. They should be connected on existing feeders, thus close from loads.
Then we have to allocate the part of that installed power which is not connected at present. To do that we draw lots among all the about 2200 primary substations, respecting geographical and technical representative criteria. For instance, new wind farms must be connected in rural networks and CHP in urban networks.
We choose a median scenario of consumption growth of 0.8% per year, which is consistent with the previous scenarios of generation.
DG MODELLING
To model wind generation taking into account the random character of the wind, we used a representative sample of 70 wind farm generation curves classified by region (with different wind behaviour) and available over the last 9-year period. These data are both measured powers and simulated powers for the most recent plants.
Then, for each substation where a wind farm is connected, we select 10 annual profiles of generation among the nearest plants of the panel. We obtain an accurate modelling of the wind dispersion by drawing 10 profiles per substation and by simulating a high number of substations (from 100 to 2000 according to study cases).
CHP units usually work from November to March, according to the most frequent conditions of the purchase contracts. Thus we model them by a unique profile which equals 1 in that period and 0 from April to October.
IMPACT OF DG ON NETWORK LOSSES
We study the impact of DG on existing networks. According to our scenario, in the field of DNO's responsibility, the main consequences concern the Joule losses in HV/MV substations and in MV network.
To estimate the impact on losses, a sample of 100 networks is built, representing the 1300 substations from which the DG should be connected in 2020. The panel represents both the geographical localization of DG (region, urban or rural area) and its technology (wind farm, CHP...).
Inside our sample, the global consumption of each substation and the power of each DG unit are represented with 6 power values defined for 6 periods:
• Winter peak hours (6 am-10 pm);
• Winter off peak hours;
• Half season peak hours;
• Half season off peak hours;
• Summer peak hours;
• Summer off peak hours.
For each substation and inside each period, we select in random order a value in the 10 annual profiles of wind generation calculated before.
In order to take into account the potential correlation between wind and temperature (for instance, the wind may be weaker during cold periods), consumption is systematically adjusted with the temperature observed at the same time than the wind generation value.
So, the load of each client is calculated:
• period is one of the 6 annual periods, • C the coefficient of consumption of the period, • MAGR is the mean annual growth rate, • g the thermal gradient.
Losses are then calculated using a network calculation program (PRAO software).
We have compared our scenario of 2020 of DG, and the same situation without DG. DG will make losses to increase of around 900 GWh. The main explanation is that wind farms are connected to dedicated feeders. In 2007, the corresponding purchase cost would have been about 56 M€.
IMPACT OF DG ON DRAW OFF COSTS
Generally, for each substation, ERDF pays draw off charges to RTE. The first stage is to calculate the expected draw off load curves in year 2020.
For each substation, we simulate the 10 annual profiles of wind generation calculated before. For the other technologies, we use either recent measured curves, or standard profiles. Concerning the load curve, we get a recent annual curve, to which we apply by the same growth rate of 0.8% per year.
Thus we get, for each substation, 10 possible draw off load curves in year 2020. We simulate the present tariff of Prague, 
IMPACT OF DG ON INVESTMENTS IN SUBSTATIONS
DNOs have to connect DG. According to the new connection tariff, the DG owner shall pay 60% of the network reinforcement cost necessary to connect the plant to the network, including possible reinforcements on upper voltage networks.
Here we study only the impact of DG on investments in substations, excluding previous connection works.
Our impact study consists in estimating if DG allows differing future reinforcements of transformers in substations.
For each substation, the first stage is to build the load curve in 2020, with a 10 minutes step, taking into account the growth rate, corrected to the minimal temperature considered in network development studies (for instance, -7°C in Paris). On the other hand, we have the 10 possible curves of DG, and then 10 draw off load curves.
For each of these curves, the reference power used for network designing is calculated in function of the 6 peak values observed from November to March. Then for each substation, we keep the highest, and so the most constraining, reference power coming from the 10 curves.
So we have for each substation, a reference power in 2020 with our scenario of DG, and a reference power in the same situation without DG. Then knowing the growth rate, still 0.8% per year, we can estimate whether and how long the DG can delay the appearance of network constraints. It does not depend on how far from the constraint the substation will be in 2020.
The following chart shows, for the around 2200 substations, how many years the DG installed in 2020 could postpone the investments in the substation. 
WHICH CONSEQUENCES ON THE TARIFF REGULATION?
In France, the additional costs due to losses purchasing are Prague, 8-11 June 2009 Paper 0323
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partially covered by the tariff regulation: the French regulator CRE considers that the price of losses purchasing is essentially not dependent on the efficiency of a DNO, and so most of the additional costs are noted on a specific account and then paid back to the DNO in the following financial years. To our knowledge, such a system is scarce in Europe. In general, when the DNO is in charge of losses purchasing, it bears the risk on their amount.
Concerning the draw off costs, there is a risk that is due to the DG. The incomes of the TSO RTE could decrease in a first time. RTE has some fix costs but, due to the reduction of draw off, certain of its costs (losses purchasing, investments) could decrease as well. So the question stays if the transmission network tariff could increase in the following regulation period. In that case, there is a risk that the gains that we have found before would not be durable.
It seems difficult to reflect in injection tariffs the costs or gains of DG. Indeed, following a European measure, these injection tariffs have to be similar to those of other European countries. Moreover, most of DG is promoted as renewable energy: that promotion could be thwarted if DG owners were asked to pay the additional costs of losses for instance.
CONCLUSIONS
We have studied the long-term impact (year 2020) of the development of DG on three expenditures of the French DNO ERDF: -Losses purchasing, -Draw off invoice paid to the transmission network operator RTE, -Investments costs in the primary substations.
Results show that DG, in the scenario expected for 2020, increases significantly the distribution network losses. On the other hand, it contributes to decrease the draw off costs and to delay the need of reinforcements in primary substations.
In France, the risk of increasing losses is partially covered by the tariff regulation. Concerning the gain on draw off costs, the question stays if a possible future evolution of transmission tariffs could threaten it.
